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ABSTRACT. Arctic communities are recently reporting warmer and shorter winters, which have implications for the ice season
and, consequently, on the access to local territories and resources by members of these communities. These climatic shifts are
resulting in increased risks for travel during the winter season associated with less stable and thinner ice. An integrated community-
based monitoring (ICBM) program was developed in Nunavik to generate adaptation tools to support safe access to land and
resources and to enhance local adaptive capacity through participation in community-based monitoring activities. The Nunavik
ICBM approach brings together partners (northern communities, Canadian universities, and various organizations) that have
different perspectives on the issues surrounding land and resources in Nunavik. The ICBM project also brings together traditional
knowledge and scientific knowledge, linking data collected through semi-structured interviews, local ethnocartographic
interviews, and ice-monitoring activities with data gathered at weather stations. The partnership-based Nunavik ICBM program
dealing with territory and resource access is an example of communities and scientists working together to improve our
understanding of climate change impacts in the North, their importance for aboriginal people, and the ways in which an integrated,
cooperative research process can develop local adaptive capacity.
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RÉSUMÉ. Les communautés arctiques rapportent depuis quelques années des hivers plus chauds et plus courts qui ont des
implications sur la saison de glace et par conséquent sur l’accès au territoire et aux ressources locales par les membres de ces
communautés. Ces conditions climatiques ont comme conséquence d’augmenter les risques lors des voyages hivernaux en raison
de glaces instables et plus minces. Un programme intégré de surveillance des glaces (PISG) a été développé au Nunavik pour
produire des outils d’adaptation visant à soutenir l’accès sécuritaire au territoire et aux ressources et pour augmenter la capacité
d’adaptation locale par la participation communautaire aux activités de surveillance. L’approche du PISG rassemble plusieurs
partenaires (les communautés nordiques, universités canadiennes et différents organismes) qui s’intéressent particulièrement aux
questions d’accès au territoire et aux ressources au Nunavik et y apportent des perspectives variées. Le projet du PISG intègre le
savoir traditionnel et le savoir scientifique utilisant plusieurs sources de données (provenant des entrevues semi-structurées, des
entrevues ethno-cartographiques locales, de la surveillance de glace et des données météorologiques). Le PISG est un exemple
de partenariat entre les communautés nordiques et les scientifiques qui permet de mieux comprendre les impacts des changements
climatiques en cours dans le nord, leur importance sur les peuples autochtones et la façon dont la capacité d’adaptation locale peut
être développée par une recherche intégrée et coopérative.
Mots clés: adaptation, changement climatique, surveillance de glace, suivi communautaire intégré, entrevues semi-structurées,
Québec nordique, savoir scientifique, savoir traditionnel
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INTRODUCTION
Trail networks in Nunavik and northern Quebec are very
important for local populations. They provide links be-
tween the communities in a region where no road network
exists and communities are accessible only by plane or by
boat. Trails are used to conduct traditional activities such
as hunting, fishing, and trapping, which remain important
for economic, cultural, and nutritional reasons (Myers et
al., 2005; Van Oostdam et al., 2005). Climate change has
begun to affect the timing and security of individuals’
access to local environments and key food resources (Furgal
et al., 2002; Lafortune et al., 2004), and the changes
observed in this region also constitute critical social and
economic issues for northern Quebec residents. In re-
sponse to these changes, an integrated community-based
monitoring (ICBM) program is being developed, and it is
helping local populations to cope with climatic change and
maintain traditional harvesting activities.
The Intergovernmental Panel on Climate Change (IPCC,
2007) reported that climate change has already started to
occur in the polar regions. Change is resulting in warmer
temperatures, mainly in winter, the impacts of which can be
seen in the decreasing extent and thickness of sea ice, the
melting of permafrost, increased coastal erosion, and changes
in the distribution and abundance of key northern species.
Moreover, the IPCC (2007) projects that this region will be
affected by some of the largest and most rapid changes of
any region in the world, which will have important conse-
quences for both environmental and human systems in the
North. Most climate models for the 21st century forecast
increases in precipitation and temperature for the Arctic,
especially during autumn and winter (ACIA, 2005).
In Nunavik, the 20th century was the warmest overall to
date (Lavoie and Payette, 1992; Overpeck et al., 1997), but
the significant warming trend observed elsewhere in the
North occurred here only in the past 10 years. Some studies
even observed a cooling trend in the region before that
period (e.g., Allard et al., 1995). However, the warmer
temperatures experienced since the mid-1990s have al-
ready had consequences for the environment (Allard et al.,
2004). Local populations also report warmer and shorter
winters (Lafortune et al., 2004; Community of Kangiq-
sujuaq et al., 2005) that affect the ice season, producing
delayed freeze-up, thinner ice in winter, and earlier breakup.
Before, the snow and the land were solid enough [for
harvesters] to travel safely. Because of global warming
the situation has changed. They have to be more careful,
and the routes that are taken during the winter are sometimes
not frozen, especially the river.
(Quitsak Tarriasuk, Ivujivik)
Before, we could go along the shore in front of Umiujaq
all the time. Now you have to be careful. It is only during
real winter that you can use that area…. In May, the whole
area is no longer passable. Back then we could have used
dog teams. But now it is melting faster, the ice is going out
faster.
(Davidee Niviaxie, Umiujaq)
Consequently, human access to local harvesting areas and
resources is also affected (Lafortune et al., 2004; Tremblay
et al., 2006). Given the new circumstances, harvesters
must often use alternative trails or delay their activities
and wait for better conditions.
It is mainly on the coast that we have problems [by
snowmobile] because the ice is not frozen as much today
as it used to be. In the past we could travel confidently but
today the sea ice is melting near the current.
(Mattiusi Iyaituk, Ivujivik)
The difference between my regular routes and today is
[that] I would normally be going fishing because there is
usually snow at this time of year. But now, today [3
November 2005], there is still no snow.
(Henry Quissa, Akulivik)
Climatic changes have been well documented since the
beginning of the Holocene (Alley, 2000; Korhola et al.,
2002) and over the last few centuries (Overpeck et al.,
1997). Several generations of Arctic peoples have used
various strategies to cope with past changes (Nelson,
1969), and their adaptive capacity is well known (Robards
and Alessa, 2004). Traditional knowledge systems are
critical in supporting local adaptation to climate change
(e.g., Krupnik and Jolly, 2002). Traditional knowledge (or
TK) refers here to the cumulative body of knowledge,
practice, and belief evolved through adaptive processes
and handed down from generation to generation (Berkes,
1999). However, contemporary climatic changes seem to
differ from earlier shifts in their intensity. New climate
conditions are responsible for unprecedented environmen-
tal changes in some northern regions. In the case of ice
dynamics, some local ice experts have difficulties describ-
ing these new environmental conditions. At the individual
scale, therefore, TK may not always be effective in adapt-
ing to recent climatic change.
I can not answer you on this question [Can you tell me how
you know when the ice is safe to travel on?] because now
the ice behaviour is different than what it is used to be.
(Paulasi Qaunaaluk, Ivujivik)
The project “Access to Territory and Resources” was
initiated by the Kativik Regional Government (KRG) in
response to concerns expressed by northern Nunavik com-
munities. Its principal objective is to enhance the capacity
of local residents to adapt to climate change through their
participation in community-based monitoring activities.
This project has developed an integrated approach that
brings together people from northern communities,
regional administrative agencies, and universities in a
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multidisciplinary initiative, involving both traditional and
scientific knowledge, to study aspects of climatology, ice
dynamics, human safety, and food security. Here we de-
scribe the integrated community-based monitoring (ICBM)
model used to develop adaptation tools for safe access to
land and resources in Nunavik communities.
REGIONAL CONTEXT
The Nunavik region comprises 14 communities located
along the coasts of Hudson Bay, Hudson Strait, and Ungava
Bay (Fig. 1). These communities are accessible only by
plane or (in summer) by boat. Five Inuit communities
(Akulivik, Ivujivik, Kangiqsualujjuaq, Kangiqsujuaq, and
Umiujaq) and one Naskapi community (Kawawachi-
kamach) were selected to participate because they are rep-
resentative of the different bioclimatic zones that make up
the region and because each community expressed interest
in participating in the study. Kawawachikamach, the only
community outside of the Nunavik region, is located inland
just south of the Nunavik border (55˚N). This village is
linked by road to the community of Schefferville, Quebec,
which is accessible by train from the Lower North Shore of
the St. Lawrence River. The other communities in the study
are not linked by road to each other or to the rest of the
province, much like communities in other northern regions
of the country (e.g., the Baffin region of Nunavut,
Nunatsiavut, and parts of the Northwest Territories). Winter
trail networks throughout the region, composed of land and
sea-ice trails that have been used for generations, are there-
fore particularly significant because they connect the com-
munities to each other and provide access to traditional
harvesting grounds during winter months. Many of the land-
based trails are used all year round.
PRELIMINARY STUDIES AND IDENTIFICATION
OF PROJECT PRIORITIES
The first phase of the project began in 2002–03 with
community workshops in three communities, Kangiqsujuaq,
Kangiqsualujjuaq
Kawawachikamach
Nunavik
Ungava Bay
Hudson Bay
Umiujaq
Akulivik
Ivujivik
Kangiqsujuaq
Greenland
USA
Canada
Nunavik
Kuujjuaq
Hudson Strait
FIG. 1. Map of Nunavik, showing participating communities.
30 • M. TREMBLAY et al.
Ivujivik, and Puvirnituq (Community of Kangiqsujuaq et
al., 2005; Community of Ivujivik et al., 2005; Community
of Puvirnituq et al., 2005). Each workshop brought together
representatives from that community to discuss the changes
that residents had observed in their local environment and
their impact on the community and individuals’ activities.
The workshops confirmed the unpredictable weather and
changing ice dynamics noted earlier, as well as their effects
on the livelihood of communities dependent on harvesting
local food resources.
The ICBM project, developed to address critical commu-
nity concerns identified during the workshops (Community
of Kangiqsujuaq et al., 2005; Community of Ivujivik et al.,
2005; Community of Puvirnituq et al., 2005), has focused
specifically on the issue of access to territory and resources.
The project now involves several data sources and brings
together traditional and scientific knowledge based on quan-
titative and qualitative analysis of ice conditions.
COLLABORATION BETWEEN PARTNERS
The Nunavik ICBM approach brings together partners
with various perspectives on the issues related to access to
territory and resources in Nunavik. Community participa-
tion, the cornerstone of the project, is organized and
sustained by a local researcher responsible for developing
research directions in each community and for liaison
between community members and project scientists. Ide-
ally, the goal is for the community to take as much
responsibility as possible for the research project and to
direct it toward finding the best solutions for issues that
concern local residents. In general, the cooperation fol-
lows a basic process. Once issues have been identified,
local authorities and scientific researchers, in cooperation
with community or regional agencies, request resources
from funding agencies. When funds have been allocated,
communities are consulted and project goals and timelines
are adopted. Initial background and TK interviews are
conducted, and community-based monitoring work is then
established and directed by the local researcher, with
advice and cooperation of scientific researchers. Upon the
completion of the work, the local researcher, community
members, and scientific researchers work together to de-
velop adaptation strategies. Finally, the local researcher
disseminates adaptation tools within the community.
Northern Authority and Scientific Researchers
The Nunavik ICBM program was developed through
partnerships of the KRG Renewable Resources Depart-
ment and Parks Section with university-based scientists.
Creating these partnerships constituted the first step in
developing the network that supports the project today.
The KRG has been responsible for planning since the
project’s inception, and the scientific partners have pro-
vided support in proposal writing, fundraising, training of
individuals, and analysis of locally collected data. The
ICBM was implemented in Nunavik communities under
the direction and authority of the KRG. KRG Renewable
Resources employees based in participating communities,
who already had a strong interest in climate change and
related impacts in their region, became the local research-
ers in the project. Their participation, first seen as supple-
mentary to their originally scheduled work, is now an
official component of their job description. A strong part-
nership was formed with scientists from the Nasivvik
Centre at Laval University in Quebec City, who are dedi-
cated to supporting community-based research initiatives
through training and cooperative project development.
This relationship has facilitated the conduct and analysis
of local ethnocartographic interviews with hunters and
elders related to community trail networks, local ice dy-
namics, and changes in local and regional climate patterns.
Collaboration with climate-change researchers in Mon-
treal (the Ouranos Consortium) and researchers at Laval
University’s Centre d’études nordiques has supported the
quantitative analysis of climate indicators that comple-
ment the investigation into local changes and their impacts
on human activities.
Northern Communities
The ICBM was implemented in northern Quebec com-
munities in the spring of 2004. The development of part-
nerships with communities began with meetings and
presentations to the municipal councils and the local hunt-
ing, fishing, and trapping associations. As the project was
a response to requests at the community workshops, sup-
port for the initiative already existed in the communities,
and these initial meetings constituted a project planning
and adaptation phase. This first step ensured that the
project would cover issues deemed significant at the indi-
vidual community scale and provide benefits relevant to
the local population.
Today, local involvement in the ICBM includes the
sharing of local observation-based data and TK. Local
researchers, with the help of scientists, gather this infor-
mation directly through semi-structured interviews (as in
Huntington, 1998) using an ethnocartographic process
(Chapin and Threlkeld, 2001). In each community, inter-
views have been conducted with 5 to 10 elders or experi-
enced hunters (Tremblay et al., 2006). Interview
participants were recruited on the advice of the local
hunters, fishers, and trappers’ associations. Males com-
prised the large majority of participants, but some women
were included upon recommendation of their expert knowl-
edge of ice conditions or their frequency of travel. During
these interviews, elders and hunters shared their observa-
tions and knowledge about changes in local climate condi-
tions, changes in ice dynamics, and the impacts of these
changes on the use of traditional trails and human safety
while on the land (Table 1). Traditional trail mapping
interviews had been conducted in the region by the Makivik
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Corporation from the 1970s to the 1990s and these exist as
part of their TK database. One of the key contributions to
the communities in this KRG project has been to identify
and document the increase in “risky areas” in local ice or
land trails due to recognized changes in climate and weather
variables. However, because environmental conditions
are continuing to change in this region, these trail net-
works and the “risky area” maps must be updated regularly
to keep them accurate enough to be useful to communities.
Participants know that communicating these local ob-
servations and TK is important to promoting and maintain-
ing the safe practice of traditional land and sea activities
and travel for current and future generations:
It would be best if this information is handed down to the
next generation and was used by people growing up.
(Paulasi Qaunaaluk, Ivujivik)
Other interview participants saw an opportunity to update
or learn from the TK shared in the project.
I would like the knowledge to be used because I have data
[experiences] that were gathered 30 years ago and it will
be good to update them to see if they are still true. It will
be nice to see, for instance, if risky areas [that I have seen]
are really still like that. It would be nice to get new data
[observations] for the past 10 past years.
(Henry Alayco, Akulivik)
Local participation and knowledge are critical in the
development of community adaptation strategies because
adaptation tools already exist in TK systems. Indeed, this
type of knowledge is community-specific, place-based,
related to environment-dependant practices and devel-
oped through past and current experience (Berkes et al.,
2000). It represents a local database of adaptive measures
that will succeed in the local environment. The TK infor-
mation collected from semi-structured interviews in this
study is being used to develop a “safe practices guide” for
land and ice travel. An interactive CD-ROM concerning
access to local land and resources will contain results from
the study on ice dynamics, as well as maps illustrating
principal and alternative trails and risky areas around each
participating community. Local participants have also
provided weekly qualitative information on winter trail
conditions, which is being used to identify and validate
climatic indicators characterizing safe ice conditions from
a local Inuit perspective and to generate new indicators for
ice modeling. Local researchers collaborate with those at
Ouranos to develop these climate indicators, using the
quantitative and qualitative information collected during
ice-monitoring activities in sea and lake environments
(Tremblay et al., 2006).
Local Researchers in Northern Communities
The Nunavik ICBM is based on an “investigation in the
North, for the North, and by the North” approach, which is
essential to developing adaptive capacity at the local scale.
To this end, one active and trained local researcher is
present in each community except Ivujivik (the researcher
from Akulivik is also responsible for Ivujivik). Local
researchers play a critical role in the investigation and in
maintaining a link between the communities and the scien-
tists supporting the project. Local researchers are in charge
of data collection, and they are partners with the scientists
in developing adaptation strategies based on analysis and
interpretation of results. For example, local researchers
conduct the semi-structured interviews and collect the
quantitative data from ice-monitoring activities; commu-
nicate project information to the local population; and in
some cases, present study results on behalf of the project
at scientific meetings and conferences outside of their
region.
The training of local researchers has been a significant
stage in the development of the ICBM. Prior to each
winter, local researchers participate in a team meeting to
plan and organize winter fieldwork. At this seasonal meet-
ing, the local researchers can review methods used during
the previous year and identify training needs related to
these activities or associated with any new methods to be
used in the upcoming season. At this time, the research
team identifies appropriate training workshops or mod-
ules, and the local researchers receive training. Training
on data entry, organization, and analysis is provided on an
ongoing basis to ensure that local researchers can progres-
sively take charge of the project in their own communities.
Training for local researchers has included the conduct
and transcription of semi-structured, ethno-cartographic
interviews with experienced hunters and elders (Table 2,
Fig. 2); the standardized collection of ice and snow data for
the ice-monitoring activities at critical nodes in local trail
TABLE 1. Community contributions to the integrated community-based monitoring (ICBM) program.
Contributors
Experts on ice dynamics and traditional trails,
from six communities (Akulivik, Ivujivik,
Kangiqsualujjuaq, Kangiqsujuaq,
Kawawachikamach and Umiujaq)
in six bioclimatic zones
Contribution
• Identification of concerns of the population
• Community project support
• Traditional knowledge (TK) on ice dynamics
• Key (environmental and climate) indicators of ice safety
• Tools to evaluate ice safety
• TK on traditional trails
• TK on climate change
• Local information on trail conditions to validate the climate indicators of safe ice
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networks around their community; and the conduct of
brief, key-informant interviews with harvesters regarding
winter trail conditions (Table 2). Currently, weekly ice-
monitoring activities include taking measurements at two
different sites, and both snow level and ice thickness are
recorded from December to May (from freeze-up to
breakup). The local researcher enters these data into a
spreadsheet and sends it electronically to a central re-
searcher responsible for coordinating activities in all the
communities. This central researcher then posts the weekly
data for public viewing on the project’s web site (http://
climatechange.krg.ca). Thus, each community has access,
via the Internet or the local researcher, to weekly updates
of both quantitative measurements and qualitative obser-
vations by local experts of ice conditions in key locations
around their community.
BENEFITS FOR NORTHERN PEOPLE
AND THE SCIENTIFIC COMMUNITY
The Nunavik ICBM program has developed through
strong community participation, and it strives to benefit
local people by supporting their adaptations to changes in
the local environment. In particular, the project helps to
increase the community’s capacity to collect, understand,
deliver, and use local information related to climate and
environmental change. The TK, local observations, and
ice-monitoring information gathered in this project are
made available to the local populations as soon as possible
after they are collected and organized. The Internet mode
of dissemination has become significantly more effective
and acceptable in the region since the implementation of
region-wide broadband access.
One objective of disseminating this information is to try
to inform both active and future harvesters. This medium
makes it possible to disseminate ice-monitoring informa-
tion and details of trail conditions in real time. Throughout
the ice season, it is possible to consult the weekly ice data
for strategic locations along the winter trail networks and
obtain information reported by local ice experts about the
general conditions of the trail (e.g., “the ice is formed but
you have to be careful because of the presence of open
water near…,” “the ice is safe to go anywhere along the
trail,” “the fast ice is still solid, but be careful near…”).
Through the Internet it is also possible to disseminate
updated regional maps, showing routes or trails used for
snowmobile, dog team, ATV, kayak, peterhead (boat),
speedboat, and canoe travel for each community (Fig. 2).
Available in portable document format (PDF), the maps
are easy to download and print and thus user-friendly for
local residents.
The documents and communication tools can be up-
dated periodically in response to feedback to the local
researcher on how useful the community finds the website
information. For example, users have commented on the
scale of the maps, the symbols used, and the time required
to download maps from the website, and the research team
has used this information to improve these products. The
website also provides access to information on weather
conditions, weekly tide charts, and marine weather fore-
casts through links with Environment Canada and other
agencies. As communities become more modern and more
individuals engage in wage-earning employment during
the week, yet still hunt and travel after work and on
weekends, communications support such as the use of
regional Internet sites to exchange and distribute informa-
tion in the community is increasing in value.
The Nunavik ICBM has also used standard and ac-
cepted methods of data collection and analysis to ensure
scientific quality. For example, interviews with elders and
hunters on ice dynamics and climate change, ice-monitor-
ing activities, and weather analysis all follow accepted
scientific methods. Qualitative thematic content analysis
(Creswell, 2003) of the interviews (regarding TK on re-
gional trails and ice dynamics) has used the standard
method of Tesch (1990). The ice-monitoring activities
respect a strict protocol, and identical methods are used in
all participating communities. Recently secured funding
(ArcticNet) and collaboration with networks of scientists
(University of Manitoba and Laval University) have al-
lowed the acquisition of automated ice-monitoring sta-
tions, which further improve the quality of the local weather
data. These stations could help, for example, to identify
variables other than temperature (e.g., wind, humidity,
solar radiation) that affect local sea-ice dynamics, but
about which we currently have little understanding at the
local scale.
TABLE 2. Contributions of local researchers to the integrated community-based monitoring (ICBM) program.
Local Researchers learned to: Local Researchers are responsible for:
• Independently carry out interviews with elders and experienced hunters • Interviewing elders and hunters
• Transcribe the interviews and translate them into English • Translating and transcribing the interview tapes
• Collect standardized field data on ice and snow at weekly intervals • Arranging activities for a mapping workshop
• Ice monitoring
• Enter data in an electronic spreadsheet and create basic graphs illustrating changes in ice and snow • Computing field data
characteristics over the winter
• Present project results orally • Communicating study results to communities
• Making presentations at scientific conferences
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CONCLUSION
The Nunavik ICBM project promotes the development
of adaptive capacity through participation of local
populations in all aspects of the research process. This
project takes a multidisciplinary approach, integrates sev-
eral sources of data, and brings together traditional knowl-
edge and scientific knowledge derived from quantitative
and qualitative analyses in the natural and social sciences.
Knowledge on climate and environmental change, ice dy-
namics, and local use of land and ice trails helps to identify
current and potential problems and to develop adaptation
tools that support safe access to territory and resources in
Nunavik. The inclusion of both traditional and scientific
knowledge has been essential to creating an understanding
of climatic and environmental changes that respects both
aboriginal perspectives and scientific views. As a result, the
project is producing credible and relevant information to
support adaptation to climate change by northern communi-
ties. Moreover, the multilevel partnership strategies devel-
oped in this project can be applied to other environmental
issues. Such partnerships, which incorporate local involve-
ment and expertise, bring benefits to communities while
ensuring the scientific integrity of the project.
FIG. 2. Ethnocartographic map for the Kangiqsualujjuaq area. Users can download maps of trails and routes for ATV, dog team, kayak, canoe, peterhead (boat),
snowmobile, and speedboat from the project website (http://climatechange.krg.ca) and print them in black and white or colour.
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